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A B S T R A C T   
Purpose: To compare objective and subjective parameters in image quality and radiation dose of two MDCTs 
(helical 64 detector CT vs. axial 256 detector CT) in paediatric lung CT. 
Methods: Radiation dose and image quality were compared between non-enhanced lung CT from a helical 64- 
slice multidetector CT (MDCT 1) and a 256-slice scanner (MDCT 2) with axial wide-cone acquisition and 
using deep learning image reconstruction. In 23 size-matched paediatric studies (age 2–18 years) from each 
scanner, the radiation exposure, signal-to-noise ratio (SNR), contrast-to-noise ratio (CNR), image sharpness and 
delineation of small airways were assessed. Subjective image quality was rated by 6 paediatric radiologists. 
Results: While MDCT 2 provided higher SNR and CNR, subjective image quality was not significantly different 
between studies from both scanners. Radiation exposure was lower in studies from MDCT 2 (CTDIvol 0.26 ± 0.14 
mGy, effective dose 0.23 ± 0.11 mSv) than from MDCT 1 (CTDIvol 0.96 ± 0.52 mGy, effective dose 1.13 ± 0.58 
mSv), p < 0.001. Despite lower radiation dose for the scout images, the relative scout-scan-ratio increased from 
2.64 ± 1.42 % in MDCT 1 to 6.60 ± 5.03 % in MDCT 2 (p = 0.001). 
Conclusions: By using latest scanner technology effective radiation dose can be reduced to 0.1−0.3 mSv for lung 
CT in children without compromising image quality. Scout image dose increasingly accounts for substantial 
portions of the total scan dose and needs to be optimized. In children CT should be performed on state-of-the-art 
MDCT scanners with size-adapted exposure protocols and iterative reconstruction.   
1. Introduction 
Paediatric radiologists dreamed of X-ray plain radiography equiva-
lent doses in lung computed tomography (CT) for a long time. This 
desire has not yet been fulfilled due to simultaneous improvements of 
radiography detectors [1]. Multidetector row CT (MDCT) scanners allow 
lung CT doses of about 0.1 Millisievert (mSv) [2], commonly considered 
as the effective dose (ED) of an adult chest X-ray [3]. However, EDs of 
paediatric chest X-rays are typically a factor of ten or more lower today 
[4,5]. 
In order to raise community awareness, principles like “as low as 
reasonably achievable “(ALARA) [6] and campaigns such as Image 
Gently [7] lead toward a better understanding of radiation exposure. CT 
is still the largest cause for general and medical radiation exposure 
worldwide [8]. Studies about increased cancer risks in children who 
underwent CT [9,10] emphasize on the importance of paediatric CT 
radiation protection. The main dose reduction methods are X-ray beam 
shaping (e.g. tin filtering) [11], detector efficiency improvements [12], 
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index; DLIR, Deep Learning Image Reconstruction; DLP, dose length product; DRL, diagnostic reference level; Dw, water equivalent diameter; ED, effective dose; HU, 
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automated tube voltage selection and tube current selection [13], and 
iterative reconstruction algorithms including artificial intelligence 
methods [14,15]. 
MDCT devices allow for helical and axial scanning. In wide detectors 
of up to 16 cm, axial scanning is possible without table movement and is 
therefore beneficial in paediatric imaging [16]. 
The aim of the study was to compare objective and subjective pa-
rameters in image quality and radiation dose of two different MDCTs 
(helical 64 detector CT vs. axial 256 detector CT) in paediatric lung CT 
examinations. 
2. Material and methods 
The local Department of Diagnostic Imaging substituted its single 
MDCT scanner in December 2019. A Revolution CT (GE Healthcare, 
Chicago, Illinois, United States of America) 256 row multidetector de-
vice replaced the Brilliance 64 CT (Philips Healthcare, Amsterdam, 
Netherlands) 64 row multidetector machine. “MDCT 1” denotes the old, 
“MDCT 2” the new device throughout the manuscript. Table 1 lists 
selected scanner characteristics. MDCT 2 images were reconstructed 
with enabled deep-learning iterative reconstruction (DLIR), which uses 
machine learning techniques to reduce image noise and improve image 
quality [17]. After the replacement, chest studies were initially per-
formed in helical mode with scan parameters similar to the previous 
machine. Due to overly satisfying image quality, we gradually lowered 
exposure settings over the following weeks. The axial scan mode 
(without table increment) supplanted helical scanning with increasing 
frequency. 47 consecutive patients underwent 52 axial low-dose CTs of 
the chest between December 2019 and May 2020 on MDCT 2. All MDCT 
2 studies were acquired with fixed exposure parameters, specifically 
without automated tube voltage selection or tube current modulation. 
We excluded examinations with non-lung-specific clinical questions or 
exposure protocol. We matched the remaining studies to MDCT 1 ex-
aminations, performed between July 2017 and November 2019. 
Matching criteria included identical gender, effective chest diameter 
±10 mm, age at examinations within 1 year. Moreover, all studies 
needed to be in inspiration (breath hold inspiration or free-breathing, 
not in expiration), arms positioned above the head, and without intra-
venous contrast agent. Thin collimation slices (0.625 mm) needed to be 
archived in the PACS, which did not contain proper matching studies in 
4 cases. 
Finally, we included 23 study pairs. Fig. 1 depicts the described ex-
amination selection procedure. Included samples mean patient age was 
10.8 ± 4.9 (range 1.7–17.3 years) years in MDCT 1 and 11.1 ± 5.0 (range 
2.0–18.2 years) years in MDCT 2, with 13 female and 10 male examination 
pairs. AP chest diameters averaged 17.3 ± 3.3 (range 11.9–23.3 cm) in 
MDCT 1 and 17.8 ± 3.4 (range 12.0–23.5 cm) in MDCT 2. Mediolateral 
(ML) chest diameters were 26.9 ± 4.9 (range 18.3–37.1 cm) in MDCT 1 
and 26.9 ±5.5 (range 18.5–37.3 cm) in MDCT 2 on average. We calculated 
effective chest diameters based on the AAPM report 204 [18] as 
〈
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
[anteroposterior (AP) ∗ mediolateral (ML)chest diameter]2√ 〉, rounded 
to full centimeters. On average, effective chest diameter was 22 ± 4 cm 
(range 16–29 cm) in MDCT 1, and 22 ±4 cm (range 15–29 cm) in MDCT 2. 
Water equivalent diameter (Dw) was derived from AAPM publication 220 
[19] by summing AP and ML chest diameters. Mean Dw was 23 ± 4 cm 
(range 16–31 cm) in MDCT 1, and 23 ±4 cm (range 16–30 cm) in MDCT 2. 
We noted no relevant difference between effective and water equivalent 
diameters. 
2.1. DICOM anonymization 
S.T. anonymized and exported all studies from Workstation 21.2 
(Sectra AB, Linköping, Sweden) to a local storage device. Randomly 
assigned ID numbers served as examination mixing procedure. We 
synchronized a standard lung window (centre -500 Hounsfield units 
(HU), window width 1500 HU) across all lung kernel series. Each 
observer loaded the batch of anonymized examinations in synedra View 
18 (synedra information technologies GmbH, Innsbruck, Austria) to rate 
them on calibrated 10-bit colour monitors Radiforce RX340 (EIZO 
Corporation, Hakusan, Ishikawa, Japan) in darkened reading rooms. 
2.2. Objective image quality measurements 
The first author manually placed circular regions of interest (ROI) in 
thin axial lung window slices (0.625 mm) to retrieve the HU mean and 
standard deviation, the latter representing image noise. The minimum 
allowed ROI area was 5000 pixels. The average of three repeated mea-
surements in  
● the dome of the right liver lobe,  
● the whole heart at the level of the left ventricle,  
● and the air space anteriorly to the mid chest 
Table 1 
Acquisition and image reconstruction settings used in the study MDCT devices.    
MDCT 1 (Philips Brilliance) MDCT 2 (GE Revolution) Significant differences (p) 
Scanner properties 
Installed in, year 2003 2019 – 
Detector rows, N 64 256 – 
Slice collimation, mm 0.625 0.625 – 
Detector width, mm 40 160 – 
Localizer radiograph kV 80 70 – mA 20 10 – 
Image acquisition 
Used scan mode helical axial – 
Rotation / exposure time, sec 0.625 0.280 p < 0.001 
Field of view, mm (mean ± SD) 252 ± 43 276 ± 47 p = 0.070 
kVp (mean ± SD) 87.8 ± 10.0 110.4 ± 11.9 p < 0.001 
mA (mean ± SD) 52.9 ± 13.2 14.1 ± 4.9 p < 0.001 
mAs (mean ± SD) 33.0 ± 8.2 3.9 ± 1.4 p < 0.001 
Image reconstruction 
Planes axial, coronal, sagittal axial, coronal, sagittal – 
Kernel Lung Standard lung – 
Iterative reconstruction iDose4 DLIR medium – 
Pixel matrix 512 × 512 512 × 512 – 
Reconstructed slice thickness, mm 0.625 / 1.0 (MPR average) 0.625 / 1.0 (MPR average) – 
Pixel spacing, mm (mean ± SD) 0.49 ± 0.08 0.54 ± 0.09 p = 0.070 
Radiation doses 
CTDIvol [32 cm phantom], mGy (mean ± SD) 0.96 ± 0.52 0.26 ± 0.14 p < 0.001 
SSDE, mGy (mean ± SD) 1.52 ± 0.69 0.41 ± 0.19 p < 0.001 
DLP scout, mGy*cm (mean ± SD) 0.60 ± 0.22 0.29 ± 0.11 p < 0.001 
DLP scan, mGy*cm (mean ± SD) 32.37 ± 21.80 6.65 ± 4.44 p < 0.001 
Scout-scan-ratio, % 2.64 ± 1.42 6.60 ± 5.03 p = 0.001 
ED, mSv (mean ± SD) 1.13 ± 0.58 0.23 ± 0.11 p < 0.001  
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acted as basic objective image quality parameters. Based on these 
parameters, we calculated signal-to noise 〈 = SNR = MEAN tissue (HU)SD tissue (HU) 〉
and contrast-to-noise 〈 = CNR = MEAN[MEAN(liver, heart) ] (HU) −MEAN air (HU)SD air (HU) 〉
ratios. 
Moreover, we followed the tracheobronchial tree into the lower 
lobes, noting the generations of the smallest perceptible bronchi (tra-
chea = generation 0) as a surrogate parameter for image sharpness. 
2.3. Subjective image quality ratings 
S.T. (8-year experience in lung CT) and M.Z. (5-year experience in 
lung CT) consensually scored subjective image quality parameters 
(focusing on lung tissue) and artifacts (Fig. 2) on a five-point rating scale 
(0 = very blurred, 1 = blurred, 2 = neither blurred nor sharp, 3 = sharp, 
4 = very sharp). Artifacts were also scored on a five-point rating scale (0 
= no artifacts, 1 = minimum artifacts, 2 = minor artifacts, 3 = moderate 
artifacts, 4 = major artifacts). Additionally, we used an IQSC (Image 
Quality Scoring Criteria) -based score with “interstitial lung pathology” 
indication to establish general subjective image quality of each study 
[20]:  
1 Unacceptable quality (images do not allow diagnostic interpretation) 
2 Limited quality (images are adequate only for limited clinical inter-
pretation due to high noise)  
3 Adequate quality (images are just adequate for diagnostic 
interpretation)  
4 Higher than needed quality (images are much better than needed for 
interpretation: images with little or no noise) [20] 
Six observers independently scored the IQSC (C.K. = Rater 1, M.Z. =
Rater 2, R.G. = Rater 3, S.P. = Rater 4, S.T. = Rater 5, and T.S. = Rater 
6), with chest CT experiences of 27, 5, 11, 7, 8, 23 years, cumulating to 
81 years. 
2.4. Dose estimates 
We collected the computed tomography dose indices (=CTDIvol, 32 
cm phantom, mGy) and the dose length products 〈 = DLP = CTDIvol ∗
scan lenth in cm (mGy ∗ cm)〉 for scouts and scans from the DICOM dose 
reports. The effective diameters together with the size-dependent 
correction factors, derived from the publications by the AAPM [18,19] 
and by Romanyukha et al. [21], served as calculation basis for size 
specific dose estimates (=SSDE, mGy) and effective doses (=ED, mSv), 
the latter calculated as DLP multiplied with the diameter-specific con-
version factor [21]. 
2.5. Statistical analysis 
We analysed the collected data in SPSS Statistics Version 21 (IBM 
Corp., Armonk, NY, USA) by computing descriptive statistics, linear 
correlation analysis, as well as t-test mean value comparisons in cases of 
ascertained, and nonparametric Mann–Whitney U tests in missing 
normal distributions. For sub-group analyses, we split study pairs by age 
groups from 0 to 5 years (n = 4, age group 1), 6–10 years (n = 6, group 
Fig. 1. Flowchart depicting the study selection procedure. i.v. = intravenous.  
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2), 11–15 years (n = 7, group 3), and 16–18 years (n = 6, group 4). 
Throughout this manuscript, the significance level was set to p = 0.050. 
One-sided non-inferiority t-tests were calculated using Statgraphics 
Centurion 19 (Statgraphics Technologies Inc., The Plains, VA, USA), to 
assess our hypothesis that image quality was not inferior in MDCT 2. 
Prior to the statistical analyses, the authors consensually agreed on the 
non-inferiority cut-off of 0.5 points as the clinically relevant margin. P- 
values below the significance level demonstrated the non-inferiority of 
specific MDCT 2 parameters. Intraclass correlation coefficients (ICC) 
served as measures of inter-observer reliability in terms of ICC(3,k) two- 
way mixed, average measures. ICC values below 0.5 refer to poor, 0.5 to 
0.75 moderate, 0.75 to 0.9 good, and higher than 0.9 to an excellent 
reliability [22]. 
2.6. Ethics committee 
The local Ethics committee of the Canton of Zurich, Switzerland, 
approved the study (No. 2020-01644). We obtained written informed 
patient or legal representative consent in all included cases. 
3. Results 
Mean background noise was 83.0 ± 20.4 HU in MDCT 1 and 46.4 ±
8.6 HU in MDCT 2 (t-test p < 0.001). CNR was 13.2 ± 3.8 HU in MDCT 1 
and 23.2 ± 3.5 HU in MDCT 2 (t-test p < 0.001). SNR liver was 0.25 ±
0.07 in MDCT 1 and 0.85 ± 0.21 HU in MDCT 2 (t-test p < 0.001). SNR 
heart was 0.26 ± 0.06 in MDCT 1 and 0.51 ± 0.12 HU in MDCT 2 (t-test p 
< 0.001). We noted a significant negative linear correlation of image 
noise with both SSDE and ED in MDCT 1 (p < 0.001), whereas noise was 
relatively stable across different dose levels in MDCT 2 due to DLIR. 
SSDE und ED increased with age, predominantly in MDCT 1 (Supple-
mentary Fig. 1). MDCT 2 showed significant dose reductions over MDCT 
1 in terms of decreased CTDIvol, DLP, SSDE, and ED values (t-test all p <
0.001). Only the scout-scan-ratio increased substantially (p = 0.001). 
Table 1 lists the respective radiation dose parameters. 
Median kVp settings were 80, 80, 100, 100 kVp for age groups 1–4 in 
MDCT 1, and 100, 100, 120, 120 in MDCT 2. Median effective tube 
current settings were 20, 30, 40, 40 mAs in age groups 1–4 in MDCT 1, 
and 2.8, 3.5, 5.6, and 4.2 mAs in MDCT 2. The resulting mean effective 
Fig. 2. MDCT 1 in blue bars, MDCT 2 in red bars a) Frequency histograms of subjective image quality ratings and b) Frequency histograms of image artifacts.  
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doses were 0.54 ± 0.04, 0.75 ± 0.10, 1.36 ± 0.65, 1.63 ± 0.32 mSv for 
age groups 1–4 in MDCT 1, and 0.12 ± 0.01, 0.16 ± 0.04, 0.30 ± 0.08, 
0.29 ± 0.14 mSv in MDCT 2. Supplementary Table 1 shows IQSC ratings 
for the different examination pairs and raters split into the mentioned 
age groups. 
Both scanners received a median IQSC of 3, ranging from 2 to 4 in 
MDCT 1, and 1–4 in MDCT 2 (non-inferiority t-test p < 0.001). The raters 
regarded 67 % of the studies conducted on MDCT 1 as adequate, while 
8% were of limited and 25 % of higher than needed quality. In MDCT 2, 
61 % of the studies were adequate, 14 % limited, and 25 % too high. One 
MDCT 2 examination received ratings of 1 (unacceptable image quality) 
by two of the observers. IQSC interrater agreement in terms of ICC scores 
were 0.780 (95 % CI 0.604 to 0.895) in MDCT 1 and 0.889 (95 % CI 
0.800 to 0.947) in MDCT 2, which is considered a good consensus. 
Table 2 displays all IQSC ratings. The two most experienced paediatric 
radiologists (raters 1 and 6) considered more studies with a higher than 
necessary dose (U test p < 0.001), rater 1 primarily in MDCT 1, rater 6 in 
MDCT 2 (Table 2). Specific subjective image quality parameters were 
not statistically significantly inferior in MDCT 2, apart from pleural 
sharpness in all three lung fields (non-inferiority t-test apical p = 0.784, 
mid p = 0.087, and basal p = 0.165). We noted no significant differences 
between the sharpness of airways and lung tissue, generations of visible 
bronchi, and the depiction of the interlobar septa. Fig. 3 and Table 3 
summarize the respective findings. 
MDCT 2 scans demonstrated less cardiac pulsation artifacts (median 
1 range 3 vs. median 2 range 3 in MDCT 1, U test p < 0.001), and more 
ring artifacts (median 0 range 1 vs. median 0 range 0 in MDCT 1, U test p 
= 0.019). Based on the axial scanning technique, only MDCT 2 exami-
nations exhibited stitching artifacts (median 0 range 3 vs. median 
0 range 0 in MDCT 1, U test p = 0.005). We detected no significant 
scanner differences regarding beam hardening artifacts (median 0 range 
2 in both MDCTs, U test p = 0.483), and motion artifacts (median 
0 range 1 in MDCT 1, and median 0 range 0 in MDCT 2, U test p =
0.153). 
4. Discussion 
In this study, we compared image quality and radiation doses in 
ultra-low-exposure paediatric lung imaging on two different MDCT, a 
helical 64-slice multidetector CT (MDCT 1) and a 256-slice scanner 
(MDCT 2). Imaging on MDCT 2 led to a dose reduction of about 80 % 
with preserved acceptable image quality when compared to MDCT 1. 
Despite increased CNR and SNR values in MDCT 2, caused by DLIR noise 
reduction, subjective IQSC ratings were at comparable levels. 
The AAPM “Pediatric Chest Routine” document recommends chest 
CT exposure protocols for different CT scanners [23]. Suggested MDCT 2 
settings exceed the radiation doses used in the current study. The AAPM 
authors state CTDIvol ranges of 1.9–2.5 mGy (32 cm phantom) in lateral 
chest diameters from 7 to 11 cm (small child), up to 5.2–8.8 from 29 to 
33 cm (adolescent). Our patients received CTDIvol values of 0.11 to 0.58 
on the MDCT 2 with sufficient image quality for lung reporting. It should 
be mentioned that doses for a full chest CT including mediastinum and 
possible contrast administration might require doses up to the AAPM 
recommendations. In this regard, MDCT 2 doses reported in the current 
study were substantially lower than diagnostic reference levels (DRLs) 
typically found in the literature [24,25]. As reported by Jarvinen et al., 
different scan indications and patient age are important factors to 
consider when assessing DRLs [26]. 
Subjective image quality interrater agreement was good. IQSC rat-
ings were slightly better in MDCT 2. Interestingly, the most experienced 
paediatric radiologists rated more examinations as unnecessarily over-
exposed in both scanners. This underlines the difficulty to judge the 
proper radiation dose for paediatric lung imaging. Choosing the right 
exposure and reconstruction parameters will very likely stay a matter of 
debate and personal preference. We decided not to include advanced 
quantitative image quality metrics like “task based transfer function” 
[17] or “noise power spectrum” [27], because the added value in 
non-phantom studies is questionable. However, we want to emphasize 
again on the importance of subjective image quality assessments, and 
the limited comparability of objective and semi-objective quality met-
rics based on noise properties. 
Predominantly in MDCT 2 and mainly in the apical lung portions, 
photon starvation caused image quality impairments in terms of pleural 
and lung blurring (Figs. 4 and 5). Moreover, extensive lung consolida-
tion can impair image quality. Therefore, ultra-low-dose protocols are 
not adequate for soft tissue (mediastinum, liver etc.) assessment and 
display these areas in non-diagnostic quality. 
We came across a hurdle in further reducing radiation exposure in 
MDCT 2 caused by a lower generator limit of 10 mA. Lung-focused CT 
primarily is a high-contrast scenario with substantial density differences 
between air and typically soft tissue-like pathologic processes. There-
fore, it could be beneficial for lung-focused CT scanning to use higher kV 
settings with low mA to avoid image quality impairments through 
scatter and photon starvation. Other manufacturers successfully took 
similar approaches in a more aggressive way by reducing radiation doses 
through X-ray beam hardening, for example tin (Sn) filtering, also called 
spectral shaping or spectral filtering [2,11]. Our MDCTs did not provide 
spectral filtering. 
Axial scanning in MDCT 2 resulted in specific stitching artifacts 
(compare Fig. 5) through appending axial volumes in scan ranges more 
than 16 cm [28]. These scan volume alignment errors due to patient 
movement, breathing, and pulsation might be of relevance detecting 
lung nodules. The artifact could clip pathologies in the stitching zones. 
Helical scanning effectively avoids stitching artifacts. While relevant in 
Table 2 
Summarized IQSC scores of all six raters in both MDCT devices. Color-coded scores between 1 (yellow) and 4 (green). (For interpretation of the references to colour in 
this table legend, the reader is referred to the web version of this article).  
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Fig. 3. Examples of examinations rated with too-high dose (IQSC grade 4) in the first row, adequate image quality (IQSC grade 3) in the second row, and too low 
dose (IQSC grade 2) in the third row. 
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oncologic imaging, we think the artifact is of minor influence in most 
other pulmonary CT indications. 
The CT localizer radiograph (=LR, also known as scout, survey scan, 
pilot scan, topogram, etc.) to the scan ratio raised from 2.6 % in the old 
to 6.6 % in the new scanner. The maximum scout-scan-ratio was 19 % in 
a 4-year-old. We noted this significant relative increase despite an ab-
solute scout dose halving from 0.6 to 0.3 mGy*cm, because actual scan 
doses decreased even more. MDCT 1 LR were performed with 80 kVp 
and 20 mA, and with 70 kVp and 10 mA in MDCT 2. Authors previously 
published the necessity of optimizing the LR especially for paediatric 
patients [29,30]. While we agree that optimizations are important, some 
proposed methods seem to be unsuitable, as they might exceed the dose 
of a whole scan [31]. 
Limitations of our study include a small sample size and the fact that 
only a part of the examinations could be performed in identical patients. 
To compensate for this issue, we applied a rigorous matching strategy 
that only allowed a small variance in age, body dimensions, and scan 
indications. Another limitation is inherent to the different types and 
generations of CT scanners. MDCT 2 employs techniques like deep- 
learning based iterative image reconstruction algorithms, faster rota-
tion times as well as a larger and more-sensitive detector. However, 
basic image reconstruction parameters like reconstructed slice thickness 
were identical across the machines, enabling a general comparability. 
We also want to mention that average peak kilovoltage (kVp) was lower 
in MDCT 1. A kVp difference infers with radiation exposure in terms of 
lower-energy X-ray beams suffer more tissue absorption. Higher kVp 
settings in the old device could have led to lower patient doses and might 
have mitigated the substantial dose discrepancies between the MDCTs. 
5. Conclusions 
Sufficient-quality paediatric lung CT can be achieved at effective 
radiation doses of 0.1 to 0.3 mSv on contemporary MDCT equipment. 
Localizer radiograph doses increasingly account for substantial portions 
of a total scan’s doses and should be optimized. Rapid progress in 
scanner technique emphasizes the necessity to scan paediatric patients 
on contemporary equipment. 
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Table 3 
Subjective image quality assessment (mean and SD, median, range, minimum, maximum) including significant differences in U tests, marked with an asterisk. The ‡
marks parameters where non-inferiority was not statistically significant, meaning that MDCT 2 demonstrated inferior image quality in these parameters.    
Airways Lung Pleura   
apical mid basal gener-ations apical mid basal apical mid basal Inter-lobar septa 
MDCT 1 
N 23 23 23 23 23 23 23 23 23 23 23 
Mean 2.52 2.87 2.65 7.61 2.26 2.78 2.52 2.83 3.13 3.13 2.39 
STD 0.59 0.63 0.71 1.08 0.69 0.74 0.79 0.72 0.63 0.63 0.94 
Median 3 3 3 8 2 3 3 3 3 3 3 
Range 2 2 3 4 2 3 3 3 2 2 3 
Minimum 1 2 1 5 1 1 1 1 2 2 1 
Maximum 3 4 4 9 3 4 4 4 4 4 4 
MDCT 2 
N 23 23 23 23 23 23 23 23 23 23 23 
Mean 2.57 3.09 2.78 7.87 2.48 3.09 2.83 2.17 2.87 2.83 2.57 
STD 0.59 0.67 0.80 0.69 0.73 0.79 0.89 0.58 0.55 0.72 0.79 
Median 3 3 3 8 3 3 3 2 3 3 3 
Range 2 2 3 2 3 2 3 2 2 3 3 
Minimum 1 2 1 7 1 2 1 1 2 1 1 
Maximum 3 4 4 9 4 4 4 3 4 4 4 
Difference (p) 0.780 0.258 0.565 0.577 0.318 0.209 0.217 0.001* 0.138 0.151 0.487 
Non inferiority (p) 0.002 <0.001 0.004 0.003 0.001 <0.001 0.001 0.784‡ 0.087‡ 0.165‡ 0.021  
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Fig. 4. Examples of image artifacts. Blurring of the pleura due to photon starvation in the apical lung areas in the first row. Cardiac pulsation artifacts in the second 
row. A ring artifact in the third row on the left, a stitching artifact of the 2 axial volume stacks on the right. 
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Fig. 5. Exemplary slices of a lung CT in a 17-year-old patient, considered unacceptable to limited quality, conducted on MDCT 2 with 100 kVp, 10 mA, 2.8 mAs, 0.9 
mSv. Left row shows full FOV, right magnified sections (slices not corresponding). Note the partially substantial loss of details due to photon starvation, especially 
apical (first row). 
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Appendix A. Supplementary data 
Supplementary material related to this article can be found, in the 
online version, at doi:https://doi.org/10.1016/j.ejrad.2021.109699. 
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